We analyzed some aspects of reproduction and sexual dimorphism of the semi-aquatic dipsadid snake Erythrolamprus miliaris in the state of Rio de Janeiro, southeastern Brazil. We detected sexual dimorphism in body size (snout-vent length), with females averaging larger than males, but no sexual dimorphism in the relative length of the tail. Oviductal eggs and secondary follicles were found in all seasons, suggesting that female reproductive cycles are continuous, in spite of the tropical seasonal climate in the region. Reproductive males were present throughout the year, suggesting a continuous cycle for males as well. Clutch size averaged 10.3 ± 4.8 (range 4-21) and there was a positive and significant relationship between clutch size and female size. Compared to conspecific populations previously studied in other Atlantic Rainforest areas, populations of E. miliaris from the state of Rio de Janeiro appear more similar overall in their reproductive traits to a more northern population from the state of Bahia than to populations from further south in the states of São Paulo and Paraná.
INTRODUCTION
Snakes living in tropical and subtropical regions of the New World may have a wide diversity of reproductive strategies, despite the relatively mild climatic variations of their habitat (compared to temperate regions) (e.g. Pizzatto et al. 2008) . Reproductive cycles of those species vary from non-seasonal (i.e. continuous) to strongly seasonal (e.g. Marques and Puorto 1998 , Pinto and Fernandes 2004 , López et al. 2009 , Orofino et al. 2010 , Oliveira et al. 2011 . Moreover, some species with extensive distributional ranges may present geographic variation in reproductive traits such as clutch/litter size and timing of reproduction, and even in the degree of sexual dimorphism (e.g. Pizzatto and Marques 2006a , b, Pizzatto et al. 2008 , Siqueira et al. 2013 , Quintela et al. 2017 .
Erytrolamprus miliaris (linnaeus, 1758) (Dipsadidae, Xenodontinae) is a semi-aquatic oviparous snake widely distributed in South America east of the Andes (gans 1964 (gans , Dixon 1989 . It is a polytypic species, with five subspecies currently recognized (Uetz et al. 2016) . In spite of being often locally abundant and commonly found in urban and peri-urban areas, particularly in southeastern Brazil (e.g. Hartmann et al. 2009 , Pontes et al. 2009 , Barbo et al. 2011 , information available on the ecology of E. miliaris still consists mostly of isolated reports regarding diet and behavior (e.g. lema et al. 1983 , Michaud and Dixon 1989 , Marques and Souza 1993 , Machado et al. 1998 , Marques and Sazima 2004 , Hartmann et al. 2009 , Vrcibradic et al. 2012 , Duarte et al. 2014 , Muscat et al. 2016 , Muscat and Moroti 2018 . Regarding aspects of reproduction there is more information available (Pizzatto and Marques 2006a , b, Pizzatto et al. 2008 , Rojas et al. 2019 , though studies are still scarce if we consider the species' wide geographic range. Pizzatto and Marques (2006a, b) presented comprehensive information on reproductive aspects of four Brazilian Atlantic Forest populations of Erythrolamprus miliaris, being two in coastal areas (a northern one in the state of Bahia and a southern one in the states of São Paulo and Paraná) and two from inland areas (a more northern one in the state of São Paulo and a southern one in the state of Paraná). They found no significant differences among the four populations regarding some traits (e.g. clutch size), but noted certain differences in the population of southern Bahia (the northernmost population they studied) compared with the other three, including a continuous (i.e. non-seasonal) female reproductive cycle. Pizzatto and Marques (2006a) also recorded that, in all four populations, females tend to attain larger body sizes than males, whereas the dimensions of the head do not differ between sexes. They did not test whether the sexes differ in this species regarding the relative length of the tail (a common trait found among snakes in general, with males usually showing higher values; King 1989) . Nevertheless, giraudo et al. (2006) reported a tendency for relatively longer tails in males compared to females in the subspecies E. miliaris orinus.
In the present study we analysed aspects of the reproductive biology and sexual dimorphism of Erythrolamprus miliaris from the state of Rio de Janeiro, in southeastern Brazil, making comparisons with the other populations previously studied by Pizzatto and Marques (2006a, b) .
MATERIALS AND METHODS
Recent phylogenetic studies based on molecular data uncovered polyphyly and paraphyly in the genus Liophis (Zaher et al. 2009 , Vidal et al. 2010 , grazziotin et al. 2012 . Some taxonomic actions have been proposed to circumvent the situation, including the synonimization of Liophis and Umbrivaga with Erythrolamprus, which represents the oldest available name for the largest clade of former Liophis (grazziotin et al. 2012) . Some authors prefer to take a more conservative attitude, recognizing Liophis, Erythrolamprus and Umbrivaga as valid genera until more comprehensive phylogenetic analyses of that clade are available (Curcio et al. 2009 , Myers and McDowell 2014 , Wallach et al. 2014 ). We herein follow Uetz et al. (2016) and use the name Erythrolamprus, while acknowledging that further studies on the phylogenetic relationships of this group of snakes are needed to stabilize its nomenclature.
located at 20º 30'-23º 30'S and 41º -45º W, the state of Rio de Janeiro is totally inserted within the Atlantic Forest domain, one of the world's biodiversity "hotspots" (Mittermeier et al. 2004 ). The state presents climatic seasonality throughout most of its extension, with wet and warm conditions during spring and summer and some decrease in rainfall and mean daily temperatures during autumn and winter (ClINO 1996) . We examined specimens of E. miliaris from the state of Rio de Janeiro deposited in the reptile collections of Museu Nacional (MNRJ, n = 170), Universidade do estado do Rio de Janeiro (CH-UeRJ, n = 18), Universidade Federal do Rio de Janeiro (ZUFRJ, n= 15), Universidade Federal Rural do Rio de Janeiro (RU, n = 13) and Instituto Vital Brasil (IVB, n = 5), all located in the state (see Appendix). The year of collection of those snakes ranged from 1941 to 2016, though most (67%) were collected after 2000. The specimens came mostly from coastal lowlands and foothills of the Serra do Mar mountains. The state of Rio de Janeiro is located between the two coastal regions (in Bahia and São Paulo/Paraná) whose populations of L. miliaris were studied by Pizzatto and Marques (2006a, b) (Figure 1 ).
Snout-vent length (SVl) and tail length (Tl) were taken with a measuring tape (to the nearest 1 mm). Then, each specimen was dissected for sexing and examination of its gonads. For females, all eggs and mature ovarian follicles (in secondary vitellogenesis), when present, were counted and measured in their length, width and depth (to the nearest 0.1 mm). Volume of eggs and follicles was estimated by the formula: V = 4/3abc (in which V = volume, a = length/2, b = width/2 and c = depth/2; see Pleguezuelos and Feriche 1999) . Females were considered reproductive if they contained vitellogenic ovarian follicles > 10 mm along the greater axis or eggs in the oviducts (according to Pizzatto and Marques 2006a ,b) . The minimum size at reproductive maturity for females was based on the SVl of the smallest female in that condition. The minimum size at reproductive maturity for males was based on the SVl of the smallest male with opaque and convoluted ductus deferens (indicative of the presence of sperm; e.g. Shine 1977, Pizzatto and Marques 2006a) . Frequency of reproductive females was estimated based on the ratio between the number of reproductive females and the total number of females, (see Pizzatto and Marques 2006b ). The same procedure was used to estimate the frequency of reproductive males.
Since we have no precise information on the size of neonates at the time of hatching in the studied population of L. miliaris, we considered the SVL of the largest field-collected neonate (182 mm) recorded by Pizzatto and Marques (2006b) as the maximum size of hatchlings for our population. Therefore, all individuals with SVl equal or smaller than 182 mm were considered as hatchlings. Occurrence of hatchlings at a given month was considered as an evidence of recruitment occurring at that month. When two or more neonates of similar size had the same date, place of collection, and sequential voucher numbers in the collection they were considered as belonging to the same clutch.
We tested for differences between males and females in SVl (using a t-test) and in Tl (using analysis of covariance -ANCOVA, with SVl as a covariate). Following Pizzatto and Marques (2006b) and various other authors/studies (e.g. Alencar and Nascimento 2014, Stender-Oliveira et al. 2016), we estimated clutch size based on pooled data from females containing oviductal eggs and females containing follicles in secondary vitellogenesis. Although females with follicles > 10 mm along the greater axis were considered reproductive, we did not consider follicles under 15 mm for estimates of clutch size, as the smaller vitellogenic follicles may sometimes be reabsorbed by the snake's organism (l. Pizzatto, pers. comm.) . If a female contained oviductal eggs and vitellogenic follicles simultaneously, only the eggs were considered for clutch size estimation. The effect of female size (SVl) on clutch size (based on mature follicles and eggs) was tested by simple linear regression analyses.
Basic statistics given throughout the text are represented by arithmetic means and standard deviations. Before running statistical tests we tested for normality of data distribution using Kolmogorov-Smirnov tests (Zar 1999) and, since the assumptions were met on every occasion, we used only parametric statistics. All statistical analyses were performed using the software SYSTAT 11.
RESULTS
We examined 221 specimens, comprising 54 males (43 adults and 11 juveniles), 123 females (70 adults and 53 juveniles), 42 hatchlings, and two juveniles of indeterminate sex. Adult males and females of E. miliaris differed significantly in mean SVL (t=8.86, p < 0.001, df = 111), with females (mean SVl = 577.5 ± 109.5 mm, range 445 -921 mm, n = 70) being larger than males (mean SVl = 394.2 ± 102.1 mm, range 270 -705 mm, n = 43). Mean female SVl at maturity and size of the smallest mature female were smaller than those of E. miliaris populations from São Paulo and Paraná and similar to those from Bahia, but both mean and minimum SVl of mature males were smaller than those of all other conspecific populations (Table I) . Mean tail length was 137.6 ± 22.2 mm (range 99 -223 mm, n = 63) in adult females and 97.2 ± 23.8 mm (range 65 -157 mm, n = 39) in adult males. There was no significant difference in the relative length of the tail between sexes (ANCOVA: F 1,1,99 = 1.14, p = 0.289).
Considering the 43 sexually mature males, 36 (83.7%) had convoluted and opaque ducti Clutch size 9.0 ± 3.4 10.2 ± 2.8 10.9 ± 6. deferens, and these were recorded in all months of the year. Of the 70 mature females examined, only 22 (31.9%) were reproductive (Table I) . Females with oviductal eggs occurred in February, July, September and November and females with mature follicles occurred in January, June, August, October and December (Figure 2) (Table II) .
Hatchling-sized individuals were recorded in most months, except in August and September ( Figure  4) , and their mean SVl was 156.9 ± 12.7 mm (range 121-182 mm, n = 42), with the minimum value being closer to that of the Bahia population than to those of the more southern ones (Table II) .
DISCUSSION
Our data indicated that E. miliaris females are generally larger and reach sexual maturity with a greater body size than males, as previously reported by Pizzatto and Marques (2006a) for other populations. This appears to be the common pattern of sexual dimorphism for snakes in general (Shine 1994) and for xenodontines in particular (Pizzatto et al. 2008 , lópez et al. 2009 , Panzera and Maneyro 2013 . Selective pressures to enhance reproductive output are usually invoked to explain this pattern, as greater body proportions in female snakes provide increased internal space for developing more eggs/ embryos (e.g. Shine 1994 ). Indeed, clutch size was positively correlated with female body size in the studied population of E. miliaris, as it was in other conspecific populations studied by Pizzatto and Marques (2006b) and in several other species of xenodontines (Pizzatto et al. 2008, Panzera and Maneyro 2013) . Males in our sample had small mean and minimum sizes (SVl) at maturity compared to those of all four conspecific populations studied by Pizzatto and Marques (2006b) , including those 
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An Acad Bras Cienc (2019) 91(1) e20170657 6 | 10 from Bahia (the smallest-sized population studied by those authors). We found this surprising, since females in our sample were comparable in the same measurements to those from Bahia. Actually, onethird of the 36 males showing signs of reproductive activity (based on the observation of the ducti deferens) measured 270-345 mm in SVl, whereas the smallest reproductive male from Bahia had an SVl of 355 mm (Pizzatto and Marques 2006b ). This suggests that males in the studied population are reproductively active at relatively small sizes. This is also reinforced by the fact that the largest male in our sample (705 mm SVl) was similar in size to the largest males of the population from Bahia (650 mm) and of two of the southern populations (ca. 750 mm) studied by Pizzatto and Marques (2006b) , indicating that males from Rio de Janeiro may grow as large as those from other populations. More detailed studies, including histological examination of gonads and analyses of populations from areas between southern Bahia and Rio de Janeiro, may elucidate if there really is a trend for males of the latter population to mature at smaller sizes than in other regions. The lack of sexual dimorphism in relative tail length in the studied population of E. miliaris was somewhat unexpected. Male snakes tend to have proportionally longer tails than females (King 1989) , and this has been reported for E. miliaris orinus (giraudo et al. 2006) , as well as for other species of Erythrolamprus (giraudo et al. 2006 (giraudo et al. , lópez et al. 2009 (giraudo et al. , Quintela et al. 2017 ). However, Alencar and Nascimento (2014) did not find intersexual differences in relative tail length for E. p. poecilogyrus, a result similar to that of the present study. On the other hand, Prieto et al. (2012) reported proportionally longer tails in females compared to males (i.e. the reverse of the usual trend) in a population of E. p. sublineatus (though they apparently included immature individuals in their samples, which limits the comparisons with our results). Thus, at the moment it is not clear if there is a pattern of sexual dimorphism in tail length in E. miliaris and other closely related species, and data on more populations and taxa are needed. Our data suggest continuous reproductive cycles for both male and female E. miliaris in Rio de Janeiro (although we did not carry out histological analyses to confirm reproductive activity in males). Pizzatto and Marques (2006a) also reported continuous reproductive cycles in E. miliaris from the northern coastal Atlantic Forest (state of Bahia), but not in populations from southeastern and southern Atlantic Forest (states of São Paulo and Paraná), whose vitellogenesis and egg-laying were restricted to the spring-summer period. The state of Rio de Janeiro is located south of Bahia and north of São Paulo, but unlike southern Bahia (whose climate has little or no seasonality) it presents seasonal variation in temperature and rainfall (though generally less pronounced than in São Paulo). Nevertheless, the reproductive cycle of E. miliaris in Rio de Janeiro does not seem to be much influenced by seasonality, differently from what occurs in more southern portions of this snake's range. Snakes of the Tribe Xenodontini and some other dipsadids in South America frequently have continuous or broad female reproductive cycles, even when living in areas with seasonal climates (Pizzatto et al. 2008) . Males apparently remain reproductive throughout the year in most species of Xenodontini (Pizzatto et al. 2008 , Sivan et al. 2016 as observed for E. miliaris in the present study.
The percentage of breeding females (reproductive frequency) of E. miliaris in our sample was low compared with conspecific populations in São Paulo and Paraná, and similar to that of populations occurring in southern Bahia (see Pizzato and Marques 2006b). As the females from southern populations tend to be more active during the warmer and wetter months of the year (which correspond to the breeding season), they may be collected with higher frequencies during that period (Pizzatto and Marques 2006a) , which would explain the high percentages of reproductive females in the samples (Pizzatto and Marques 2006b ). In populations with extended or continuous reproduction (such as those of Bahia and Rio de Janeiro), on the other hand, such bias would be less marked. The occurrence of one female containing both oviductal eggs and vitellogenic follicles indicate that females in Rio de Janeiro may eventually produce more than one clutch per year, as also observed in the conspecific populations from São Paulo and Paraná (Pizzatto and Marques 2006a) and in other species of Xenodontini (Pinto and Fernandes 2004 , Panzera and Maneyro 2013 , Quintela et al. 2017 .
Mean clutch size (based both on the numbers of eggs and of mature follicles) of the studied population of E. miliaris was similar to those of conspecific populations from other regions of Brazil (which did not differ statistically from each other; Pizzatto and Marques 2006b ). Although we could not compare our data statistically with those of Pizzatto and Marques (2006b) , the similarity in mean values and ranges between the two studies suggest that clutch size in this species does not show notable geographic variation, at least within the Atlantic Forest domain. Erythrolamprus miliaris is among the largest species of Xenodontini, and also produces large clutches when compared to other species of the tribe (Pizzatto et al. 2008) . egg size also does not seem to present much geographic variation in E. miliaris, though hatchling size does. As observed in other reproductive parameters, the minimum size (SVl) of hatchlings of E. miliaris from Rio de Janeiro (121 mm) was more similar to that reported for the population from coastal Bahia (113 mm) and relatively small in comparison to those from São Paulo and Paraná (Pizzatto and Marques 2006b) .
Erythrolamprus miliaris from Rio de Janeiro were overall more similar in their reproductive traits to conspecifics from Bahia than to populations from further south. This could reflect phylogenetic history, as populations from Rio de Janeiro and Bahia are assigned to the same subspecies, E. m. merremi (Dixon 1989) , while more southern populations are referred to E. m. orinus (though the validity of those taxa remain to be properly evaluated). Alternatively (or complementarily), it could reflect the plasticity in reproductive aspects of a widely distributed species. A comprehensive phylogeographic analysis of E. miliaris, particularly along the eastern Brazilian Atlantic Rainforest domain, could be crucial to answer those questions.
